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(54) Induction motor power/torque clamping for electric vehicle performance 



(57) An induction motor control system (1 0) for elec- 
tric vehicles having a DC power supply (12), an Inverter 
(14), an induction motor (16), and a clamping unit (26). 
The clamping unit (26) applies a clamping value 
iq_clamp to a real torque current command \^ . The 
clamping value lq_clamp Is calculated In a maximum 
torque current calculation unit 28 and is based on pre- 



determined maximum settings for the motor power 
and torque T max . The clamping value lq_clamp is ap- 
plied such that the torque current command \J cannot 
exceed the clamping value kuclamp, whereby the In- 
duction motor produces 1 6 output power P out and torque 
T out that is always iess than the predetermined maxi- 
mum settings, P max and T max . 
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Description 

[0001] The present invention relates generally to an 
electric vehicle, and in particular to a method and appa- 
ratus for protecting an electric vehide from over-per- 
formance. 

[0002] An electric vehicle includes an electric traction 
battery which provides electric power for an electric trac- 
tion motor, or an induction motor, which In turn drives 
the wheels of the electric vehicle. The traction battery is 
often made up of a plurality of modules connected in 
series. The modules are typically one or more Intercon- 
nected battery cells. 

[0003] Induction motor controls are used for electric 
vehicles including an AC induction motor, an electronic 
power inverter, and a micro -processor based controller. 
The inverter generally includes six switching transistors 
whose on/off stage will convert a DC current provided 
by a power supply, such as a DC battery, Into an AC 
current required by the induction motor The maximum 
voltage available to the motor is limited by the battery 
voltage and the maximum current available to the motor 
is limited by the current carrying capability of the switch- 
ing devices. 

[0004] Typically, an induction motor drive provides 
three stages of operation. At low speeds, the voltage 
required by the motor Is lower than the voltage capability 
of the inverter. The output torque is limited by the current 
capability of the inverter, which is Independent of the 
speed. Accordingly, the first stage of operation below a 
base speed is often called the constant torque stage of 
operation. At a medium speed range, above the base 
speed, the maximum torque can only be achieved when 
the motor is operated at both voltage and current limits. 
In this stage, the maximum output torque is inversely 
proportional to the speed, hence it is called constant 
power stage. At high speeds, the voltage capability of 
the inverter Is the primary limiting factor for the output 
torque. The maximum torque is inversely proportional 
to the square of the speed. It is referred to as the voltage 
limit stage. 

[0005] In a typical electric vehicle, the traction battery 
voltage will be dependent upon the state of charge of 
the traction battery. Typically, a traction battery at higher 
states of charge, i.e. a freshly charged traction battery, 
will exhibit a higher traction battery voltage. Likewise, a 
traction battery at lower states of charge, i.e. a depleted 
traction battery, will exhibit a lower traction battery volt- 
age. 

[0006] In an electric vehicle drivetrain, the maximum 
amount of torque and/or power that the electric motor 
can produce and deliver to the drivetrain varies based 
on the state of the charge of the traction battery, and 
more specifically on the traction battery voltage. A high- 
er traction battery voltage wiD produce a larger maxi- 
mum torque and/or power for the electric motor at 
speeds above a base speed. 
[0007] Without a control system, the electric vehicle 



exhibits acceleration and power capability based upon 
the state of charge of the traction battery, which changes 
as the state of charge changes. The result is that the 
vehicle may appear to "over-perform" with a battery at 
5 higher states of charge and "under-perform" with a bat- 
tery at lower states of charge. The result is inconsistent 
performance of the electric vehicle. 
[0008] Additionally, in a typical electric vehicle, the 
t ran sax 1 9 end other mechanical assemblies of the driv- 

10 strain connected to the motor are typically designed 
based on maximum torque and/or power ratings. Based 
on the selection and characteristics of the motor and 
traction battery, the maximum torque and/or power 
which can be generated by the motor may exceed the 

is designed torque and power ratings of the transaxle or 
other mechanical assemblies. Without a method of con- 
trolling this situation, it is possible that the motor and 
traction battery may be selected In such a manner so as 
to cause damage to the transaxle or other mechanical 
assemblies, which may subsequently lead to a short- 
ened life span for the mechanical assemblies. 
[0009] According to the present invention there is pro- 
vided a method for maintaining consistent performance 
in an electric vehicle having a driver controller for con- 

25 trolling a real torque current command, said method 
comprising the steps of: calculating a clamping value; 
applying said clamping value to the real torque current 
command such that said real torque current command 
Is always less than said clamping value. 

30 [001 0] A method embodying the present invention es- 
timates the motor output torque using equations that are 
based on the real torque current command, the magnet- 
ic field and known constants. To protect an electric ve- 
hicle from excessive motor torque and power the meth- 

33 od of the present Invention assures that the output pow- 
er Is less than a maximum power and the output torque 
is less than a maximum torque at all times. A clamping 
value is applied to the driver's desired torque current 
[0011] .The method embodying the present invention 

*o operates the induction motor within predefined limits. It 
Imposes the limits based on the selection of the electric 
vehicle traction battery and mechanical characteristics 
of the electric vehicle's drivetrain. Further it limits the 
torque and/or power output of the electric motor to pre- 

45 defined maximum values and controls both the motor 
torque and power as a function of traction battery 
charge. 

[0012] The method of the present invention is used 
with an Induction motor and the command values are 

so determined using a Field Orientation Principle (FOP), 
that is known In the art, In conjunction with other known 
control principles such as a Space Vector Modulation 
(SVM) and pulse width modulated control (PWM). 
[0013] The present invention will now be described 

55 further, by way of example, with reference to the accom- 
panying drawings, in which: 

[001 4] FIGURE 1 Is a block diagram of the method of 
the present invention as it is applied to an Induction mo- 
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tor and motor control system. 
[001 5] Figure 1 shows an electric vehicle drive system 
10 including a power supply 12, which is a traction bat- 
tery. The battery 12 is applied to an inverter 14 and to 
an induction motor 1 6. A driver controller 1 8 controls the 
voltage and current applied to the motor 1 6, which drives 
the wheels of an electric vehicle (not shown) throughout 
a range of operating conditions. Preferably, the controls 
in the controller 1 6 reiy upon software. However, it is to 
be understood that hardware and other types of controls 
can be used to practice the present Invention. 
[001 6) The controller 1 8 utilises current regulation 1 9 
realised In a synchronous frame rotating with a rotor flux 
frame. Two current components are controlled by a cur- 
rent regulator 20. The current components include the 
torque component current, also referred to as the q axis 
current, i q \ and the magnetising current, also referred 
to as the d axis current, i d \ Two output variables from 
the controller 18 are the torque component of the motor 
voltage, u q *. and the magnetising component of the mo- 
tor voltage, u d \ These commands are transformed and 
used as input variables into an algorithm of a pulse width 
modulated section 22. 

[0017] Field orientation control as applied to induction 
motors is similarto separately excited DC motors staters 
and rotors except that there is no separate winding for 
flux current and no terminals are available to detect the 
rotor currents. Accordingly, co-ordinate control of the 
magnitude, frequency, and phases of stator current is 
used to realise separate flux and torque control of the 
Induction motor. 

[0018] Using the field orientation principle for induc- 
tion motor control, the motor voltage vector amplitude 
u p ' and the voltage vector angle cty are decided using 
the following equations: 

u p * = [(u d V + (u q *) 2 ] % 

a^/^+tg'Vq'W) 

where i^ is the real torque current command, i d * is the 
magnetising current command, and is the magnetic 
field. The magnetising current, I/, Is derived from i q us- 
ing a peak torque per amps principle, which Is known by 
one of ordinary skill In the art and will not be discussed 
herein. The magnetic field, Y Is calculated using l d and 
other motor parameters. . 

[0019] In addition, is the stator resistance, L^, is the 
leakage inductance, and oa, is the stator frequency. 
[0020] By applying the space vector modulation for 



pulse width modulation control, the real system feed- 
back V, l q , and ij will follow the command signal i q \ 
and itf*, respectively as long as the motor voltage vector 
amplitude, u p " satisfies the constraint; 

s 

where k^,, is a constant and U bat is the battery voltage. 

w [0021] Under the constraint, the real torque current 
command will approach the real system feedback 
torque current, iq**^", the magnetising current command 
will approach the real system magnetising current, 
i^*, and the real system magnetic field will approach 

is the command magnetic field, VbY. Both the motor 
torque and motor power are controllable because the 
motor output torque and power can be estimated using 
the following equations: 

P ou! = k pwr" C0 »* S '* , q' 

25 

where and kp^ are constants. It is clear that a freshly 
charged battery having a higher voltage U bat will output 
higher torque and power because a higher up wiB be 
allowed. 

30 [0022] In order to protect an electric vehicle from ex- 
cessive motor torque and power, it is assured that the 
output power is less than a predetermined maximum, 
p out <p maxi and tne output torque is less than a prede- 
termined maximum, T^-cT^, In ail cases. This Is ac- 

35 complished according to the present invention by apply- 
ing a clamping algorithm to current required by the driv- 
er's demands. The real torque current command, i q ", is 
derived from the torque current demand, 1^^, which Is 
derived from the driver's Inputs using controls such as 

40 the throttle, brake pedal, and gear selector from a vehi- 
cle controlling unit 24. A clamping algorithm is applied 
to i^^q to derive i q \ Before the clamping algorithm Is 
applied, iq* is equal to i q _ req . A clamping unit 26 applies 
the algorithm to iq^eq such that: 

43 

l Q *<lq_clamp . mNP^ (k^X'n W (k^**)} 

[0023] According to the method of the present inven- 
so tion, it is guaranteed that the motor torque and power 
will never exceed maximum setpolnt values, T max and 
P max , respectively. The clamping value, iq_clamp is cal- 
culated In a maximum torque current calculation unit 28 
using inputs that Include P^, T^, the magnetic field, 
55 and the stator frequency. iq_ctamp Is applied to the 
clamping unit 26 to determine the real torque current 
command, i q \ which is output from the clamping unit 26 
and, by design, always satisfies the condition that i q *£ 
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A method for maintaining consistent performance 
in an electric vehicle having a driver controller for 
controlling a real torque current command, said 
method comprising the steps of: 



value based on said predetermined maximum 
power setting and said predetermined maxi- 
mum torque setting, said damping value being 
applied to the real torque current command 
such that said real torque current command is 
always less than or equal to said damping val- 
ue. 



calculating a clamping value; 
applying said damping value to the real torque 
current command such that said real torque 
current command is always less than said 
clamping value. 

A method as claimed in daim 1 , wherein said step 
of calculating a clamping value further comprises 
calculating said clamping value based on a prede- 
termined maximum power setting and a predeter- 
mined maximum torque setting. 

A method as claimed in daim 2 further comprising 
the step of controlling a power output and a torque 
output to always be less than said predetermined 
maximum power setting and said predetermined 
maximum torque setting by estimating said power 
output and said torque output using the equations: 



30 



35 

4. A clamping unit for an induction motor controlling 
unit having a driver controller for controlling a real 
torque current command, said clamping unit com- 
prising: 

40 

logic (28) for calculating a clamping value 
based on a predetermined maximum power 
setting and a predetermined maximum torque 
setting for said induction motor (16) ; and 
logic (26) for applying said clamping value to *s 
the real torque current command such that said 
torque current command does not exceed said 
clamping value. 

5. An electricaJ vehicle traction drive control comprts- so 
ing: 

an induction motor (16) ; 
a battery supply (12); 

an inverter control (1 8) including a current reg- » 
ulator (20) for controlling a real torque current 
command; and 

a clamping unit (26) for calculating a clamping 
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(54) Induction motor power/torque clamping for electric vehicle performance 



(57) An induction motor control system (10) foretec- 
tric vehicles having a DC power supply (12), an inverter 
(14), an Induction motor (1 6), and a clamping unit (26). 
The damping unit (26) applies a clamping value 
iq_clamp to a real torque current command ^ . The 
clamping value lq_clamp Is calculated in a maximum 
torque current calculation unit 28 and is based on pre- 



determined maximum settings for the motor power P^ 
and torque T,^. The clamping value lq_clamp is ap- 
plied such that the torque current command l q * cannot 
exceed the clamping value iq_clamp, whereby the in- 
duction motor produces 1 6 output power P out and torque 
T^ tnat 18 always less than the predetermined maxi- 
mum settings, P max and T max . 
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